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(57) Abstract: 

PROBLEM TO BE SOLVED: To obtain a magnetic 
recording medium having superior CSS 
(contacLstart.stop-test) performance under conditions 
of high temp, and humidity as well as under conditions 
in ordinary use while maintaining high strength of the 
protective film. 

SOLUTION: At least a ferromagnetic metallic thin film, a 
protective film and a lubricative layer are successively 



formed on a nonmagnetic substrate to obtain the 
objective magnetic recording medium. The protective film 
is a nitrogen-contg. carbon film, the concn. of nitrogen 
in the protective film varies in the thickness direction 
of the film and the concn. of nitrogen in a layer on the 
surface side is higher than that in a layer on the 
substrate side. The lubricative layer contains a 
perfluoro-polyether lubricant and a polyphenoxy- 
cyclotriphosphazene lubricant in a weight ratio of 
1:(0.01-1.0). 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Especially this invention relates to the thin film magnetic-recording medium in which not only 
anticipated-use conditions but the endurance which was excellent under the degree condition of high-humidity/temperature is 
shown with respect to a magnetic-recording medium. 
[0002] 

[Description of the Prior Art] Usually, by plating, vacuum evaporationo, or the sputtering method, on a nonmagnetic substrate, 
the thin film type magnetic-recording medium which is the typical example of the magnetic-recording medium of high recording 
density used by the information industry etc. adheres, and a magnetic metal or its alloy is manufactured. Since the magnetic head 
and a magnetic-recording medium carry out contact sliding at high speed at the time of actual use, a wear injury is received or 
degradation of magnetic properties is caused. 

[0003] As a method of easing such reduction, by preparing a protective coat and a lubricating layer on a magnetic layer, 
**/dynamicaI friction in the case of contact sliding are reduced as much as possible, and raising abrasion resistance is proposed. 
[0004] Conventionally, as a protective coat, carbonaceous films, such as a carbon film and a hydrogenation carbon film, the oxide 
film, the nitride film, the boride film, etc. are used. As a lubricating layer, generally, the perfluoro polyether compound which is a 
fluid lubrication agent is applied to a magnetic-disk front face, and is used. Moreover, although the magnetic-recording medium 
which used the lubricant which contains cyclo force FAZEN lubricant in ****** No. 504643 [ six to ], and contains a perfluoro 
ether oil and cyclo force FAZEN lubricant in JP,8-83423,A was indicated, neither was enough in the improvement of endurance 
to a low flying height head. 
[0005] 

[Problem(s) to be Solved by the Invention] The rotation acceleration of the disk media is quickly carried out from a idle state at 
the time of real use of a magnetic-recording medium, buoyancy is given to a surfacing head slider in connection with this, and a 
head surfaces. If a power supply is disconnected after use, the motor made to rotate disk media will stop and a head and a medium 
will cause contact physically. The examination which is made to cause such operation and investigates endurance is called contact 
start stop test (it abbreviates to a "CSS test" below.). In this CSS test, by the conventional magnetic-recording medium, coefficient 
of friction increases as the number of times of CSS is piled up, an injury is not done on the surface of a medium by wear, 
buoyancy does not work to a head slider by a certain cause, but it slides also in high-speed rotation, and there is a problem of 
producing the phenomenon of the head crash which a head and a medium destroy. 

[0006] Moreover, recently, a CSS test is performed in the state of high-humidity/temperature, and evaluating the property is 
performed. Generally, CSS of a high-humidity/temperature state has a load larger than CSS in the usual room temperature and 
normal-relative-humidity environment to a head or a medium, for example, the so-called adsorbed state which a head stretches 
and attaches to disk media occurs, or it is produced by the number of times of CSS with generating of wear earlier than the usual 
environment. Although it is possible to thicken lubricating film in order to suppress wear in heat-and-high-humidity environment, 
in this case, a meniscus is formed between a head and a DIKUSU medium, and there is fault of becoming easy to generate 
adsorption. 

[0007] It is made in order that this invention may solve the above-mentioned trouble, and the steep increase in coefficient of 
friction is prevented not only the bottom of an anticipated-use condition but under the degree condition of 
high-humidity/temperature, and it aims at offering the magnetic-recording medium which is equal to use of the moon for years 
irrespective of an operating environment, 
rnnnai 

[Means for Solving the Problem] As a result of this invention person's inquiring wholeheartedly, by using a specific protective 
coat and specific lubricant, it found out that the above-mentioned purpose could be attained and this invention was reached. In the 
magnetic record medium with which it comes to form a protective coat on this ferromagnetic metal thin film while, as for the 
summary of this invention, a ferromagnetic metal thin film is formed on a nonmagnetic substrate namely, this protective coat Are 
a carbon film containing nitrogen and the nitrogen concentration in this protective coat differs in the thickness direction of a 
protective coat. It is characterized by the nitrogen concentration of the layer by the side of a front face being higher than the, 
nitrogen concentration of the layer by the side of a substrate. And it consists in the magnetic-recording medium characterized by 
containing poly phenoxy-cyclo TORIFOSUFAZEN lubricant by the ratio between the weight ratios 0.0 1 - 1 .0 in this lubricating 
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layer in addition to perfluoro polyether lubricant. 
[0009] 

[Embodiments of the Invention] First, the protective coat which is the first feature of this invention is explained. Now, generally a 
pure carbon film or a hydrogenation carbon film is used as a protective coat. Although this film is excellent in the CSS endurance 
under the usual environment, although the cause is unknown, a performance falls under high-humidity/temperature. However, 
nitrogen is made to contain in carbon, or if nitrogen is made to contain in hydrogenation carbon, the CSS endurance under 
high-humidity/temperature will improve. Although the detail of this cause is not clear, what is depended on the interaction of the 
nitrogen on the front face of a protective coat and a lubricating layer becoming strong is presumed. 

[00 1 0] However, when all the thickness of a protective coat is made to mix nitrogen equally, the intensity of the whole film runs 
short in the range of the nitrogen concentration which has an effect in improvement in CSS endurance most. This is presumed for 
a membranous elastic modulus to fall as the concentration of nitrogen is increased. For this reason, a result to which CSS 
endurance falls on the contrary is brought. 

[001 1] In this invention, that the CSS endurance of a nitrogen-ized protective coat should be demonstrated most efficiently, 
mtro gen is made to exist only in the layer by the sid e of the front face of a protective coat within limit s effective in impro vement in 
the CSS endurance, and let nitro gen concentration which causes th e fall of film intensity be zero few inthe la yeFBythe side of th e 
substrate of a protective coat . The magnetic-recording medium in which the CSS~endurance which was excellent by this not only 
the bottom of an anticipated-use condition but under the degree condition of high-humidity/temperature after maintaining the 
intensity of a protective coat highly is shown is offered. 

[00 1 2] In the magnetic-recording medium of this invention, it is desirable that the nitrogen concentration of the layer by the side 
of the front face of a protective coat i sjfcur to 30 atom %, a nd the nitrogen concentration of the layer by the side of a substrate is 
zero to 4 atom % from the field of CSS endurance. Moreover, it is desirable that the oxygen density of the layer by the side of the 
front face of the field of a film property to a protective coat is below pentatomic %. 

[0013] In this invention, the method of introducing nitrogen content gas, such as nitrogen gas, nitrogen-monoxide gas, 
nitrogen-dioxide gas, and ammonia gas, into spatter gas (inert gas usually like Ar being used.) or the method of introducing the 
mixed gas of nitrogen gas content like air is mentioned in forming a protective coat by sputtering as a method of making nitrogen 
mixing into the nature protective coat of carbon. Moreover, the carbon target which made nitrogen contain beforehand can also be 
used. It is [ among these ] cheap and the method using the nitrogen gas which there is no toxicity and an inflammability does not 
have, either is advantageous on industry. 

[0014] In addition, in formation of a nitrogen-ized carbon film, hydrogenation and the nitrogen-ized carbon film can also be 
formed by making hydrogen gas and hydrocarbon gas mix simultaneously into spatter gas. Moreover, nitrogen-izing and the 
carbon film which hydrogenated and oxidized can be formed by mixing hydrogen gas for nitrogen-izing and the oxidized carbon 
film further by using air as mixed gas of nitrogen gas content. 

[001 5] Although the oxygen density in the carbon film which will be formed if the concentration of the air in spatter gas becomes 
high in these cases also becomes high, if the oxygen density in a film becomes high too much, a membranous property will 
deteriorate. Therefore, as for the air concentration in spatter gas, it is desirable for the oxygen density of the layer by the side of 
the front face of the carbon film formed to determine that it becomes 1 - pentatomic % preferably below 7 atom %. 
[00 1 6] In this invention, in forming such a nitrogen-ized carbon film as a protective coat, nitrogen concentration differs in the 
thickness direction of a protective coat, and the nitrogen concentration of the layer by the side of the front face of a protective coat 
forms a nitrogen-ized carbon film higher than the nitrogen concentration of the layer by the side of the substrate of a protective 
coat (it is a layer by the side of an interface with a magnetic layer when forming a direct protective coat on a magnetic layer). 
[0017] thus, as a method of making it changing by the front-face [ of a protective coat ], and substrate side, nitrogen concentration 
A carbon target is installed in two or more chambers which can separate the atmosphere of spatter gas in forming a carbon film by 
the sputtering method, respectively. After changing the nitrogen content of the spatter gas in each chamber and carrying out a 
spatter in the low spatter gas atmosphere of nitrogen concentration, a substrate is moved to the sequential following chamber so 
that a spatter may be carried out in spatter gas atmosphere where nitrogen concentration is high. 

[00 1 8] In this case, it is desirable when carrying out laminating formation of a low concentration nitrogen-ized carbon film and 
the high concentration nitrogen-ized carbon film keeps the adhesion between two-layer good by the continuation vacua which 
does not break a vacua. Moreover, the separation between two chambers hopes that it is not perfect, and the nitrogen-ized carbon 
film which changes continuously [ nitrogen concentration ] in the membranous thickness direction in this case is formed. 
[00 1 9] In addition, between chambers is moved, and also by switch of a bulb, after feeding spatter gas with low nitrogen 
concentration in one chamber, the starting protective coat can be formed by feeding spatter gas with high nitrogen concentration. 
[0020] Thus, zz for the nitrogen cenceuu -lion ui Ilic layer by the side of the front lace ot the protective coat formed, it is 
especially desirable the range of 4 - 30 atom % and that it is the range of 5 - 20 atom % at the measured value of the surface 
nitrogen concentration by Auger electron- spectroscopy equipment. When there are more effects of an endurance improvement 
according that this nitrogen concentration is under 4 atom % to nitrogen mixing notably than 30 atom %, a protective coat 
becomes weak, and endurance falls on the contrary. 

[0021] On the other hand, as for the nitrogen concentration of the layer by the side of the substrate of a protective coat, it is 
desirable that it is zero to 4 atom % from the field of the intensity of a protective coat. 

[0022] In this invention, after especially a protective coat forms the nitrogen-ized carbon film of the nitrogen concentration 0 - 4 
atom % in 100-200A in thickness, it is desirable to form the nitrogen-ized carbon film of the nitrogen concentration 4 - 30 atom 
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% in 50-150A in thickness, and to form an about 150-300A protective coat in total. 

[0023] Moreover, the lubricating layer which is the second feature of this invention is formed in the front face of the 
above-mentioned protective coat, as a lubricating layer -- perfluoro polyether lubricant - receiving the weight ratios 0.0 1 - 1 .0 - 
desirable -- the weight ratio 0.01 to 0.5 - poly phenoxy-cyclo TORIFOSUFAZEN lubricant is especially used by the ratio 
between the weight ratios 0.01-0.3 preferably 

[0024] Although it will not be limited as perfluoro polyether lubricant especially if it has a perfluoro polyether system molecule 
skeleton, it is m(CF20) n, for example (CF2CF20). - A skeleton, -(CF2CF2CF20) p - A skeleton or -(CF2CF(CF3) O) q - A 
skeleton etc. is mentioned. (One or more integers are shown by the inside m, n, p, and q of the above-mentioned formula.) 
Usually, about five to 50 thing is used as m, n, p, and q. 

[0025] As such molecular weight, 500 or more are desirable and what is 600 to about 8000 is especially suitable. Moreover, what 
the saturation of the shape of branched-chain or a straight chain or the high-class aliphatic hydrocarbon chain of an unsaturation, 
the high-class aliphatic hydrocarbon chain containing an aromatic machine or a hetero atom, etc. combined with the perfluoro 
polyether system molecule skeleton further can also be used. 

[0026] Poly phenoxy-cyclo TORIFOSUFAZEN lubricant is chosen from compounds with the following structure expression. 

[0027] 

[Formula 3] 

ro v / ok 1 

ifo O II x OR* 

P ^ N ' P 
I I 
tfO OR* 

[0028] OR1 -OR6 show a fluoride phenoxy machine, a perfluoro alkyl phenoxy machine, or a perfluoro poly alkyl ether phenoxy 
machine independently respectively among a formula. Respectively, independently, OR1-OR6 are a fluoride phenoxy machine or 
a perfluoro alkyl phenoxy machine, and they are especially chosen from the perfluoro alkyl phenoxy machine 90-10-mol range of 
% to fluoride phenoxy machine 10-50-mol % preferably. 

[0029] In addition, a fluoride phenoxy machine, a perfluoro alkyl phenoxy machine, and a perfluoro poly alkyl ether phenoxy 
machine show the phenoxy machine carried out from lby5****sofa fluorine machine, a perfluoro alkyl group, and perfluoro 
alkoxyl groups, respectively. As a fluoride phenoxy machine, p-fluoride phenoxy machine is desirable and m-perfluoro alkyl 
phenoxy machine is desirable as a perfluoro alkyl phenoxy machine. 

[0030] As especially desirable poly phenoxy-cyclotriphosphazene concerning this invention, screw (4-fluoro phenoxy) -tetrakis 
(3-trifluoromethyl phenoxy) cyclo phosphazene is mentioned. 

[003 1] Although the application of these lubricant is performed by usually flooding the substrate after protective coat formation 
with the solution which dissolved perfluoro polyether lubricant and poly phenoxy-cyclo TORIFOSUFAZEN lubricant, or each 
solution, you may use the method of making it install, rotating a pad on the method of applying a load, contacting the tape which 
infiltrated this solution into the substrate front face, and forming a coat, and a solid-state substrate, or a spray method. 
[0032] Although the concentration of application liquid changes with kinds of solvent again, it is usually used by 1. in 0. 1 -5g /as 
concentration in a solution according to the kind of lubricant compound. About a solvent, the solvent of a hydro fluorocarbon 
system which dissolves easily both perfluoro polyether lubricant and poly phenoxy-cyclo TORIFOSUFAZEN lubricant can be 
used. The thickness of a lubricating layer is usually about 10-30 A. Moreover, in order to heighten the affinity of lubricant and a 
protective coat, it is desirable to perform heat treatment of about 40-200 degrees C etc. after lubricous agent application. 
[0033] In addition, there is especially no limit as a nonmagnetic substrate used for the magnetic-recording medium in this 
invention, and although the aluminium alloy board which usually prepared the nickel-Lynn layer formed by the electroless-plating 
method is used, metal substrates, such as copper and titanium, a glass substrate, a ceramic substrate, a carbonaceous substrate, or 
a resin substrate can also be used. 

[0034] In the usual case, chromium is formed in the front face of such a nonmagnetic substrate by sputtering as a ground layer. 
Usually let thickness of this Cr ground layer be the range of 50-2000A. 

[0035] The magnetic layer which consists of a ferromagnetic metal thin film formed on Cr ground layer of a substrate is formed 
by methods, such as electroless plating, sputtering, and vacuum evaporationo. As this magnetic layer, ferromagnetic metal thin 
films, such as Co-P, Co-nickel-P, Co-nickel-Cr, Co-Cr-Ta, Co-nickel-Pt, Co-Cr-Pt, and a Co-Cr-Pt-Ta system alloy are formed, 
and the thickness i» usually made into about juu-VUUA. 

[0036] As for the magnetic-recording medium of this invention, endurance is improved when the nitrogen on the front face of a 
protective coat and the interaction of a lubricating layer become strong. Since it excels in the endurance over high-speed sliding 
especially, the reduction in surfacing of a head is possible. Moreover, it has the endurance which was excellent also in any under 
ordinary temperature normal relative humidity and the high-humidity/temperature condition. Moreover, since disassembly of 
perfluoro polyether lubricant is suppressed by making perfluoro polyether lubricant contain poly phenoxy-cyclo 
TORIFOSUFAZEN lubricant as a lubricating layer, head dirt is suppressed. 
[0037] 

[Example] Next, although an example explains this invention still more concretely, this invention is not limited by the following 



3 of 5 



12/3/02 10:29 AM 



http://www4.ipdl.jpo.go.jp/cgi-bln/tran_web_cgl_ejje 



examples unless the summary is exceeded. 

On the substrate made from an aluminium alloy which is the diameter of 3.5 inches which is 50-60A, the chromium ground layer 
(400 A in thickness) and the cobalt alloy magnetic layer (500 A in thickness) were formed by the sputtering method, and next, as a 
protective coat, the average of roughness height of example 1 front face formed the hydrogenation carbon film in the thickness of 
1 50A, and formed the hydrogenation nitrogen-ized carbon film in the thickness of 50A within another chamber which adjoined 
succeedingly. A hydrogenation carbon film is the spatter pressure of 5microbar, and was formed by carrying out sputtering using 
a carbon target b y making into spatter gas the mixed gas w hich mad e Ar g as mix the hydrogen gas of 9 volume % . Similarly 
nitrogen-ized hydrogenation carbon is th e spatter pressure of 5microbar, and was formed by carrying out sputtering using a 
carbon target by making into spatter gas the mixed gas which made Ar gas mix the hydrogen g as of 9 volume %, and the nitrogen 
gas of 1 0 volume % . 

[0038] The dihydrodeca fluoro pentane (Du Pont Vertrel XF (tradename)) solution which contains a perfluoro polyether 
FomblinZj by AUSIMONT K.K. 1 POL (tradename)) in 1 .25g/L, The solution which carried out equivalent mixture of the 
dihydrodeca fluoro pentane (Du Pont Vertrel XF (tradename)) which contains 0.25g ( by the Dow Chemical Co. X-l P 
(tradename)) /of screw (4-fluoro phenoxy)-tetrakis (3-trifluoromethyl phenoxy) cyclo phosphazene 1. was prepared (amount 0.2 
of the poly phenoxy phosphazene to a perfluoro polyether). And after forming lubricating film on a nitrogen-ized hydrogenation 
carbon film by dip coating, baking processing was performed at 80 degrees C, and the uniform film of about 23 A of thickness was 
formed. 

[0039] About the obtained disk, the nitrogen volume in a protective coat was calculated using Auger-electron-spectroscopy 
equipment. Consequently, the nitrogen concentration for which only carbon and nitrogen were detected and the protective coat 
front face was asked in consideration of sensitivity was 12 atom %. When it ********** e d then, striking a front face with Ar ion 
and having been asked for the profile of the depth direction, tKehitrogen atom was not detected by the magnetic layer interface. 
[0040] The CSS examination was performed using the obtained disk. It pushed against the head and the thin film head of an 
aluminum206 and a TiC slider with a pressure of 9.5g was used. After rotating a disk for 3 seconds by 3600rpm, a total of 1 2 
seconds which disconnects a power supply for 9 seconds were set to 1 cycle CSS. The test atmosphere set the examination cycle 
to 20,000 CSS with ordinary temperature normal relative humidity (25 degrees C, 40%) and high-humidity/temperature (32 
degrees C, 80%), measured coefficient of friction after 20,000 CSS, and observed head dirt. The rise rate of the head in this 
condition is 6 or more m/s. A result is shown in Table 1 . 

[0041] In example 2 example 1 , it was presupposed except having set the amount of the poly phenoxy phosphazene to the 
perfluoro polyether in a mixed solution to 0. 1 that it is common. The result of a CSS examination is shown in Table 1 . 
[0042] After forming a film by dip coating using the perfluoro octane ( PF5080 (tradename) by 3 M company) solution containing 
the 1 .5g per 1. of the same perfluoro polyethers as an example 1 on the same nitrogen-ized hydrogenation carbon film as example 
of comparison 1 example 1, baking processing was performed at 80 degrees C, and the uniform film of about 23 A of thickness 
was formed. The result of a CSS examination is shown in Table 1 . 

[0043] The film of lubricant was formed like the example 1 excep t only the hydrogenation carbon film having formed example of 

comparison 2 protective coat by (200A in thickness) (about 23A of thickness). The nitrogen atom was not detected when the 

nitrogen volume on the front face of a protective coat was calculated using Auger electron-spectroscopy equipment like the 

example 1 . The result of a CSS examination is shown in Table 1 . 

[0044] 

[Table 1] 
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[0045] 

[Effect of the Invention] As having explained above, according to the magnetic-recording medium of this invention, it has the 
effect the improvement of endurance to high-speed sliding especially an improvement of the CSS endurance under the situation of 
high-humidity/temperature, and whose head dirt suppression are attained by having the lubricating layer which contains poly 
phenoxy-cyclo phosphazene for the perfluoro polyether prepared on t he nitrogen-ized carbon p rotective coat film which has a 
concentration gradient in the thickness direction, and this protective coat. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** snows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the magnetic record medium with which it comes to form a ferromagnetic metal thin film, a protective coat, and a 
lubricating layer one by one at least on a nonmagnetic substrate this protective coat It is a carbon film containing nitrogen, the 
nitrogen concentration in this protective coat differs in the thickness direction of a protective coat, and the nitrogen concentration 
of the layer by the side of a front face is higher than the nitrogen concentration of the layer by the side of a substrate, and this 
lubricating layer Perfluoro polyether lubricant, the magnetic-recording medium characterized by reaching, on the other hand 
containing the poly phenoxy-cyclo TORIFOSUFAZEN lubricant of the weight ratios 0.01-1 .0. 

[Claim 2] The magnetic-recording medium according to claim 1 characterized by for the nitrogen concentration of the layer by the 
side of the front face of a protective coat being four to 30 atom %, and the nitrogen concentration of the layer by the side of a 
substrate being zero to 4 atom %. 

[Claim 3] The magnetic-recording medium according to claim 2 characterized by the oxygen density of the layer by the side of the 
front face of a protective coat being below 7 atom %. 

[Claim 4] The magnetic-recording medium according to claim 1 to 3 by which poly phenoxy-cyclo TORIFOSUFAZEN lubricant 
is characterized by what is expressed with the following general formula. 
[Formula 1 ] 

RO / OK' 

Kb v I II s OR 1 

P ^ N ' P 
I I 
R\> OR' 

(OR1 -OR6 show a fluoride phenoxy machine, a perfluoro alkyl phenoxy machine, or a perfluoro poly alkyl ether phenoxy 
machine independently respectively among a formula.) 

[Claim 5] The magnetic-recording medium according to claim 4 by which poly phenoxy-cyclo TORIFOSUFAZEN lubricant is 
characterized by what is expressed with the following general formula. 
[Formula 2] 

R l o ^ / or' 

ifo \ I II y OR 1 

tfo o R * 

(Among a formula, respectively, independently, OR1 -OR6 express a fluoride phenoxy machine or a perfluoro alkyl phenoxy 
machine, and they are chosen from the perfluoro alkyl phenoxy machine 90-10-mol range of % to fluoride phenoxy machine 
10-50-mol%.) 

[Claim 6] It is the manufacture method of a magnetic-recording medium to either of the claims 1 -5 characterized by heating in 
40-200 degrees C after lubricating layer formation. 



[Translation done.] 
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